Abstract. We unveil collective effects induced by imitation and social pressure by analyzing data from three different sources: birth rates, sales of cell phones and the drop of applause in concert halls. We interpret our results within the framework of the Random Field Ising Model, which is a threshold model for collective decisions accounting both for agent heterogeneity and social imitation. Changes of opinion can occur either abruptly or continuously, depending on the importance of herding effects. The main prediction of the model is a scaling relation between the height h of the speed of variation peak and its width w of the form h ∼ w −κ , with κ = 2/3 for well connected populations. Our three sets of data are compatible with such a prediction, with κ ≈ 0.62 for birth rates, κ ≈ 0.71 for cell phones and κ ≈ 0.64 for clapping. In this last case, we in fact observe that some clapping samples end discontinuously (w = 0), as predicted by the model for strong enough imitation.
Introduction
Traditional economics treat the aggregate behaviour of a whole population through a "representative agent" approach, where the heterogeneous preferences of individual agents are replaced by an average preference curve, which determines, for example, the dependence of the demand on the price of a certain product. This approach considers that agents determine their action in isolation, with no reference whatsoever to the decision of their fellow agents; interactions between agents are totally neglected. The representative agent idea has been fiercely criticized by some authors (see e.g. [1] ). Models where the interaction between agents is explicitly taken into account, traditional in physics, only begin to be systematically explored in economics and sociology. The need to account for interactions stems from the fact that imitation and social pressure effects are obviously responsible for the appearance of trends, fashions and bubbles that would be difficult to understand if agents were really insensitive to the behaviour of the crowd. From a theoretical point of view, as will be clear below, interactions lead to an aggregate behaviour that may be completely different from that implied by a a e-mail: bouchau@spec.saclay.cea.fr representative agent approach. Catastrophic events (such as crashes, or sudden opinion shifts) can occur at the macro level, induced by imitation, whereas the behaviour of independent agents would be perfectly smooth [2] .
Imitation is deeply rooted in living species as a strategy for survival: young children learn (for example languages) by imitation. Herds and flocks flee away from danger or keep the correct destination direction by following the motion of their neighbours. Humans are influenced by their congeners both at a primitive level (fear of being excluded from the group) and at a rational level (others may possess some useful information, revealed by their very actions). Collective effects induced by imitation can be beneficial for a society as a whole, but can also be detrimental and lead to major catastrophes when imitation cascades are based on unreliable information or dangerous ideas, and when social pressure supersedes rational thinking. Understanding these collective effects is therefore of primary importance; they may undermine the stability of democracies (and have done so in the past), lead to crowd panic, financial crashes, economic crisis, etc. At a smaller scale, these effects determine how new products or new technologies penetrate a market [3, 4] ; strong social imitation can be the key to the success of a brand, a book [12] ). This category of models have in fact a long history in physics, where interaction is at the root of spectacular collective effects in condensed matter, such as ferromagnetism, superconductivity, etc. It is therefore not surprising that the understanding of fashion, booms and crashes, opinion shifts and the behaviour of crowds or flocks, has attracted considerable interest in the physics community in the recent years (see S. Galam [13] for early insights, and [14-24] for a short, subjective selection). One particular model, that appears to be particularly interesting and generic, is the so-called 'Random Field Ising Model' (rfim), which has been successfully proposed to model hysteresis loops in random magnets [25] and a variety of other physical situations. The hysteresis loop problem is an example of a collective dynamics of flips (the individual magnetic spins) under the influence of a slowly evolving external solicitation, but the model can easily be transposed to represent a binary decision situation under social pressure [13] , influenced by some global information (such as the price of a product) or by zeitgeist. This transposition was recently discussed in several socio-economics context in [26] [27] [28] , see also [29] . The model has a rich phenomenology, which we will recall below; in particular, and contrarily to Bass' simple model, discontinuities appear in aggregate quantities when imitation effects exceed a certain threshold, even if the external solicitation varies smoothly with time. Below this threshold, the behaviour of "demand", or of the average opinion, is smooth, but the natural trend can be substantially amplified and accelerated by peer pressure. The aim of this paper is to explore some situations where the model should apply, and test qualitative and quantitative predictions against empirical data. We have gathered data concerning (a) the drop of birth rates in European countries in the second half of the XXth century, (b) the increase of cell phones in Europe in the 90's, (c) the way clapping dwindles out at the end of music concerts (see [30] ) and (d) crime statistics in different US states in the period 1960-2000, but this last data set did not show exploitable idiosyncratic variations. In the first three cases, we find that our data fits well the picture suggested by the model, and that noticeable collective effects can indeed be detected. By analyzing quantitatively the shape of the signals, we find that social pressure effects are distinctly stronger in some countries, or for some audiences, leading to more abrupt variations. We find a power-law relation between the maximum slope of the signal and the temporal window over which the evolution takes place, in surprisingly good agreement with the 'mean-field' version of the model. The case of applause is interesting because it is very close to being a controlled experiment. In that case, we observe both continuous and abrupt endings, as predicted by the model.
